Pasteurella multocida is responsible for numerous economically relevant diseases in domestic animals worldwide. In cattle and buffaloes the organism is associated with hemorrhagic septicemia (hS) and bovine respiratory disease (BrD). the aim of this study was to investigate twelve virulence associated genes in 22 strains of P. multocida isolated from slaughtered cattle and buffaloes. the most frequently detected genes among bovine isolates were ptfA, nanH, exbBD-tonB and oma87; whereas hgbB and toxA genes occurred less frequently. Some of the adhesions, sialidases, iron acquisition and protectin proteins occurred at considerably (P<0.05) higher frequencies in bovine isolates. the prevalence of oma87, exbBD-tonB and hgbA genes from buffaloes was significant (P<0.05), whereas the prevalence of hgbB, ompH, pfhA and toxA genes was much lower. all tested strains of P. multocida contained the sodC gene and only 22.7% of them had sodA. By using the virulence gene profiles, 12 and 21 different gene combinations were identified among the strains isolated from cattle and buffaloes, respectively, of which Profile C1 was the most common, with all strains possessing toxa. Our results indicate the presence of virulence factors (VFs) in P. multocida strains isolated from the tested cattle and buffaloes. the occurrence of these factors in apparently healthy animals could possibly indicate early infection or a contained infection which did not lead to disease. Moreover, differences in the frequency of these factors may indicate variations in the pathogenicity of the organism.
D. Gharibi et al.: Virulence gene profile of Pasteurella multocida from cattle and buffalo 2006). however, many other virulence associated genes may be related, including genes encoding structures such as: iron acquisition related factors (hgbA, hgbB, exbBD-tonB and tbpA), bacterial adhesions and colonization factors (hsf-1, hsf-2, tadD, pfhA, ptfA and fimA), outer membrane proteins (oma87, psl, ompA, ompH and plpB), extracellular enzymes, such as superoxide dismutases (sodA, sodC and tbpA) and neuraminidase (nanB and nanH), and toxins (toxA) (hatFaLUDI et al., 2010; katOCh et al., 2014) . the VFs of P. multocida may lead to a better understanding of the epidemiology, pathogenesis, protective immunity and vaccine development against P. multocida infections in hosts (tOMICh et al., 2007; hatFaLUDI et al., 2010) . there is now clear evidence that some P. multocida products are critical for virulence in some but not all hosts. recently, eWerS et al. (2006) showed that toxA alone is related to the disease status in swine, and tbpA and pfha1 are associated with bovine diseases. Molecular techniques have been developed to identify genes associated with virulence in P. multocida, but the frequency of these genes in various hosts has not been clearly determined (GUeNther et al., 2008; Bethe et al., 2009) . the aim of this study was to investigate the presence of the virulence associated genes in strains of P. multocida isolated from cattle and buffalo in khouzestan province, in south-west Iran.
Materials and methods
Bacterial strains. a total of 22 strains of P. multocida were used in this study. these organisms were isolated from 401 nasopharyngeal and nasal swab samples, randomly collected from slaughtered cattle and buffaloes (10 (4.4%) strains out of 227 cattle swab samples and 12 (6.8%) strains out of 174 buffalo swab samples) at the ahvaz industrial abattoir in khouzestan province, south-west Iran, during the period from October 2014 to June 2015. All the isolates had been already identified as P. multocida based on conventional cultural and biochemical tests, confirmed using polymerase chain reaction (PCR) technique, and by application of specific primers to kmt1. Also, capsular typing was performed by multiplex PCR using specific primers for the capsule biosynthesis genes. all samples were stored in sheep blood at a tem perature of -80 °C.
DNA extraction. all isolates were initially cultured on 5% sheep blood agar (Merck, Germany) plates and incubated at 37 °C for 24 hrs. Individual colonies were inoculated into test tubes containing 2 mL tryptic Soy Broth (tSB) (Merck, Germany) and incubated at 37 °C for 18 to 24 hrs. An aliquot of 500 μL of a TSB culture of each sample was separated for DNa extraction and heated at 100 °C for 10 min, and then centrifuged for 10 min at 8500 g. 200 μL of supernatant fluid was used for molecular tests and frozen at -20 °C until further use. Prior to investigating virulence gene prevalence, a PCr protocol for species-specific amplification of the kmt1 gene was performed (BOOM et al., 1990; eWerS et al., 2006) . Detection of virulence genes. P. multocida strains were evaluated for the presence of twelve virulence related genes, including oma87, ompH, ptfA, pfhA, nanB, nanH, exBDtonB, hgbA, hgbB, sodA, sodC and toxA, using multiplex PCR in the presence of specific oligonucleotide primers. the sequence of each primer pair, the function of each one of the studied genes, and the predicted sizes of the amplified products for the specific primers used in this study are shown in table 1.
In this study, three multiplex-PCr protocols were used (table 2) in order to allow the simultaneous detection of selected virulence genes as described by eWerS et al (2006) . For all reactions, 5 μL of the DNA template was added to the 20 μL mixture, containing 0.5 μL of each primer (10 picomol), 1.5 μL of 2.5 mM MgCl 2 , 0.5 μL of 10 mM dNTPs, 2U of Taq DNA polymerase, 2.5 μL of 10x PCR buffer, (all reagents made from SinaClon Bioscience Co., Iran), and sterile distilled water. The amplification reactions were performed in a thermocycler (eppendorf, mastercycler gradient, Germany) according to the reaction conditions described in Table 2 . 10 μL of PCR products were separated by electrophoresis (100 volts for 1 hour) in a 1% agarose gel, stained with 0.5 μg/mL safe stain. DNA fragments were visualized by UV transillumination (UVitec, the United kingdom). the molecular size of the PCr products were compared with a 100 bp DNa ladder (eWerS et al., 2006; FUrIaN et al., 2013) . In the present study, positive control strains of P. multocida were obtained from aerobic Bacterial Vaccines Department, razi Vaccine and Serum research Institute, karaj, Iran, and sterile water was the negative control.
Statistical analysis. the results were analyzed statistically using SPSS software version 19.0 (SPSS Inc., Chicago, IL). Descriptive statistics were computed to determine the proportions of the different VFs among the isolates. Chi square or Fisher's-exact tests were used for determination of the statistical significance of differences between the proportions, and p-values of <0.05 were considered statistically significant. Results all isolates were screened for the presence of twelve different genes coding for VFs, and the results are given in table 3. among the 10 bovine P. multocida isolates, the twelve virulence gene prevalences ranged from 20% (toxA) to 100% (sodC). Some virulence genes, such as ptfA, nanH, oma87 and exbBD-tonB, were each found to occur in 90% of the strains. Our data show that these genes occur at significantly greater (P<0.05) frequency in bovine isolates of P. multocida. Of the adhesin-encoding genes studied, ptfA (90%) was more prevalent than pfhA (60%; (P<0.05), and of the sialidase-encoding genes, nanH (90%) was more prevalent than nanB (60%; (P<0.05). also, the results showed that only 20% of the tested bovine isolates had the toxA gene and 40% of them had the hgbB gene (Fig.1) . Similarly, among the strains isolated from buffaloes, the virulence genes ranged in prevalence from 25% (toxA) to 100% (sodC) (table 3). Most of the strains presented the oma87 and exbBD-tonB (91.6%), and hgbA (83.3%) genes (P<0.05). The type 4 fimbrial subunit encoding ptfA and the sialidase-encoding nanH genes were present in 75%, and autotransporter protein nanB and superoxide dismutase sodA genes were present in 66.6% of the P. multocida strains isolated from buffaloes. With respect to the genes encoding hemoglobin-binding proteins, the most frequent was hgbA (83.3%), followed by the hgbB gene (41.6%; P˂0.05) and among the genes encoding outer membrane proteins, the oma87 (91.6%) gene was more frequent than the ompH (41.6%; P<0.05) gene. according to our results, all tested strains of P. multocida contained the sodC gene and only 22.7% possessed soda. In the present study, by using gene prevalence data, 12 and 21 different gene profile patterns (C1-12 and C1-21) were identified among P. multocida strains isolated from cattle and buffalo respectively, with collection C1 detecting all genes except toxa, and the most common in both groups of collections (table 4). 
Discussion
Despite the high importance of infections caused by P. multocida, the pathogenicity and host specificity of the organism is not well understood (har Per et al., 2006) . there are only a few studies that have determined the frequency of VFs correlated with pathogenic mechanisms (eWerS et al., 2006; Bethe et al., 2009; taNG et al., 2009; FerreIra et al., 2012; FUrIaN et al., 2013; khaMeSIPOUr et al., 2014) . VFs play a key D. Gharibi et al.: Virulence gene profile of Pasteurella multocida from cattle and buffalo role in disease production by bacterial pathogens, and their major functions include competence, adherence, synthesis and export of capsules, and evasion of host immune responses (NaNDUrI et al., 2009 ). the present study has provided novel information on the prevalence and distribution of the various VFs of strains of P. multocida, isolated from cattle and buffalo.
the presence of adhesion proteins on the bacterial surface is usually associated with virulence, since they are known to play a crucial role in promoting host invasion and bacterial colonization (kLINe et al., 2009 ). therefore, the related genes involved in this step are frequent targets for analysis of virulence ge notypes in P. multocida (hatFaLUDI et al., 2010) . Studies by eWerS et al. (2006) , using various clinically healthy and diseased hosts, and taNG et al. (2009) from clinical respiratory disease in pigs, have demonstrated that among the adhesins identified in samples of P. multo cida, including pfhA, tad, ptfA, fimA, and hsf-1,2, only fimA and hsf-1,2 were present in all pathogenic strains. the ptfA gene, which encodes a subunit of type IV fimbriae, was described in 81.8% of the isolates tested in the current study, a result similar to that observed in other studies (taNG et al., 2009; FerreIra et al., 2012; FUrIaN et al., 2013; khaMeSIPOUr et al., 2014) . the high prevalence of the ptfA gene was expected since it has been identified as a key factor in bacterial attachment to the surface of the epithelial cells of hosts (eWerS et al., 2006) . In contrast to the above mentioned adhesion related gene, the filamentous hemagglutinin gene pfhA had a rather low prevalence (45.4%) in P. multocida strains. this lower frequency was also found in other stu dies. eWerS et al. (2006) detected pfhA in 46.2% of 104 bovine samples analyzed. Similarly, ShaYeGh et al. (2008) reported a low percentage of pfhA in clinically healthy and diseased sheep, and observed a correlation between the presence of the gene and disease in ovines. additionally, taNG et al. (2009) and FUrIaN et al. (2013) detected 15% and 60% of phfa in associated strains of P. multocida isolated from swine with clinical respiratory disease, and fowl cholera, respectively. the sialidases are enzymes that remove sialic acid conjugated to glycolipids and glycoproteins of eukaryotic cells (hatFa LUDI et al., 2010) . In the present study, two genes that encode sialidases, nanB and nanH, were identified in 63.6% and 81.8% of isolates, respectively. the nanB gene was detected in all samples in other studies (eWerS et al., 2006; FUrIaN et al., 2013) , but was observed in 81.5% and 83.3% strains of P. multocida from clinical respiratory disease in pigs, and pneumonic and apparently healthy slaughter cattle, tested by taNG et al. (2009) and khaMeSIPOUr et al. (2014), respectively. the frequency of nanH was similar to that cited by khaMeSIPOUr et al. (2014) , but it differs from eWerS et al. (2006 ), taNG et al. (2009 ), FerreIra et al. (2012 and FUrIaN et al. (2013) who detected this gene in 88.5%, 97%, 67.3% and 96% of samples, respectively.
the ompH and oma87 genes, which encode porins of P. multocida, were detected in 54.5% and 90.9% of the analyzed sam ples, respectively. ompH and oma87 genes were identified in all samples in other studies (DaVIeS et al., 2004; eWerS et al., 2006; Bethe et al., 2009; FUrIaN et al., 2013) and were the most frequently detected genes in isolates in D. Gharibi et al.: Virulence gene profile of Pasteurella multocida from cattle and buffalo other studies (taNG et al., 2009; FerreIra et al., 2012; khaMeSIPOUr et al., 2014) . Omph is a major outer membrane porin that forms a homotrimeric channel, and has shown some potential as a protective antigen (CheVaLIer et al., 1993) . Oma87 is an 87-kDa outer membrane protein of all P. multocida strains that is expressed in vivo (rUFFOLO and aDLer, 1996) . Omph and Pasteurella lipoprotein e (Plpe) are protective surface antigens associated with P. multocida serotype a: 1, a: 3, and a: 4 strains isolated from cattle with shipping fever (WU et al., 2007; OkaY et al., 2012) , and from birds with fowl cholera (hatFaLUDI et al., 2012) . Porins such as Omph are candidates for heterologous vaccine development because they are generally conserved among species, and are highly immunogenic (Lee et al., 2007) .
In this study, three genes involved in iron metabolism, exBD-tonB, hgbA and hgbB, were detected in 90.9%, 77.2% and 40.9% of isolates, respectively. the high prevalence of the exBD-tonB and hgbA genes was similar to that cited by other researchers (eWerS et al., 2006; Bethe et al., 2009; taNG et al., 2009; FUrIaN et al., 2013; khaMeSIPOUr et al., 2014) . In contrast, the low frequency of the hgbB gene was also found in other stu dies. eWerS et al. (2006) detected hgbB in 57.7% of bovine samples analyzed. FerreIra et al., (2012) obtained similar results, detecting hgbB less frequently (30.4%) in strains of P. multocida isolated from rabbits. however, FUrIaN et al. (2013) and khaMeSIPOUr et al. (2014) identified the hgbB gene from 100% and 93.3% of poultry and bovine strains, respectively. the tonB complex, composed of three proteins, is responsible for the proton motive force requi red to internalize iron into the periplasmic space (kreWU Lak and VOGeL 2008) . the energy generated by the complex is required for different mechanisms of iron uptake (hatFa LUDI et al., 2010) . hgba is an example of a protein present in the outer bacterial membrane that binds to host glyco proteins that contain iron, in this case hemoglobin .
all strains of P. multocida were positive for sodC, but 63.6% of them had sodA. Our findings about the high frequency of sodC are similar to those found in other studies, but in contrast to the results of the present study, other researchers have also reported the high prevalence of soda (eWerS et al., 2006; FerreIra et al., 2012; FUrIaN et al., 2013; khaMeSIPOUr et al., 2014) . the enzymes encoded by these genes have antioxidant functions, and they were only des cribed after genome sequencing of the strain Pm70 in 2001 (MaY et al., 2001) .
the toxA gene was only described in 22.7% of the isolates tested in the current study. the low prevalence of this gene may be related to the fact that the gene encoding dermonecrotic toxin is more frequent in atrophic rhinitis in swine. eWerS et al. (2006) also showed a low fre quency of the gene, which was detected in only 5.8% of the strains isolated from cattle. Similarly, taNG et al. (2009) and khaMeSIPOUr et al. (2014) identified it in 4.7% and 10% of swine and bovine strains, respectively. Moreover, FerreIra et al. (2012) and FUrIaN et al. (2013) reported that none of the tested strains contained the toxA gene. however, ShaYeGh et al. (2008) detected the gene in 70% of strains isolated from diseased sheep. Some authors have reported that this gene is not carried on the chromosome, but is carried on a lysogenic bacteriophage that infects the host (PULLINGer et al., 2004) .
The generated virulence gene profiles of P. multocida were compared, and according to the presence or absence of the tested genes the strains isolated from cattle and buffaloes were clustered in 12 and 21 gene combinations, respectively. We performed analysis of the distribution of the genetic profiles in our samples, evaluating only the presence or absence of the genes among the samples. acquiring strains from different origins and studying groups of samples isolated from healthy animals may reveal a possible epidemiological link between a specific group of genes, and shows the distribution of the carrier state to the organism between the tested animals. The virulence gene profile was found to be a good tool for differentiation of P. multocida strains.
In conclusion, our results reveal the presence of VFs in P. multocida strains isolated from tested cattle and buffaloes, and new epidemiological information on the prevalence of these various virulence factors. the occurrence of these virulence factors in apparently healthy animals could possibly indicate early infection, subclinical disease, or contained infection which did not lead to disease. additionally, it is possible that the occurrence of these virulence factors without disease may be due to the fact that these factors are quiescent or the quantity of them is below a disease causing threshold. also, since P. multocida is a facultative anaerobic bacterium that is commonly found in clinically healthy calves, isolation of this bacterium from the upper respiratory tract should not be neglected. In contrast, the pathogenicity of P. multocida depended on various virulence factors, and the number and differences in the frequency of these factors may indicate variations in the pathogenicity of the organism. knowledge of the distribution patterns of P. multocida virulence factors will help to develop a suitable homologous vaccine candidate that can elicit protective immunity against all serotypes. however, further study is required to clarify the pathogenesis and the role of P. multocida virulence factors in immunity.
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